Since the beginning of antibiotic therapy on a large scale, it has become apparent that quite frequently the initial infection for which the therapy was instituted has been replaced with an invasion by microorganisms which are resistant to the particular antibiotic being used (McCoy, 1954) . This new process may vary from a relatively mild infestation (Sharp, 1954) to an extremely severe and possibly fatal infection . Candida albican is one of the more commonly encountered secondary invaders, and various theories have been offered in explanation for the means by which this fungus becomes superimposed upon the original infection (Foley and Winter, 1949;  Harris, 1950; Miller, 1951;  Moore, 1951; Pappenfort and Schnall, 1951; Zimmerman, 1950) . Of these theories the question of the role played by direct stimulation of this yeast-like fungus by antibiotics has received considerable attention (Foley and Winter, 1949; Huppert et al., 1953; Lipnik et al., 1952; Moore, 1951; Pappenfort and Schnall, 1951; Woods et al., 1951) . Huppert and Cazin (1955) have demonstrated that, of the antibiotics they tested in vitro, chlortetracycline, bacitracin, and neomycin induced an increased growth of C. albians, while penicillin, streptomycin, chloramphenicol, oxytetracycline, erythromycin, magnamycin, tetracycline, and a chlortetracycline-plus-parabens preparation did not give any evidence of stimulation of this fungus. They point out, however, I The investigations reported here have been supported by funds from the Office of Naval Research on Contract NONR 855(02). Reproduction in whole or in part is permitted for any purpose of the United States Government.
2 Present address: Chief, Mycology Research Laboratory, Veterans Administration Hospital, San Fernando, California. that there is no apparent correlation between association of these antibiotics with the superinfection phenomenon and the ability of some of these agents to stimulate the growth of this fungus. They conclude that direct stimulation is not the basic biological mechanism involved although it may be an ancillary factor.
The present report has a twofold purpose. Although it has been shown that there is no apparent correlation between direct stimulation of C. albicans by antibiotics under in vitro conditions and the development of candidiasis during antibiotic therapy, yet there may be such an association in an in vivo environment. Since this complication of antibiotic therapy appears to begin with changes in the microflora of the gastrointestinal tract, it seemed logical to investigate the effect of administering antibiotics on the occurrence and fate of C. albicans in the intestinal tract of experimental animals. Such studies might also establish whether or not the experimental animal could be used to simulate the conditions existing in the therapy of man, and, thereby, serve both as a model for testing other theories and as a technique for measuring the effectiveness of chemotherapeutic agents to be used as prophylactics against the development of an intestinal population of C. albians.
EXPERIMENTAL MEODS
Two strains of albino mice were used in this study; mice strain CF-1 were obtained from Carworth Farms and mice strain RAP were obtaitied from Rockland Farms. Personal communication from Rockland Farms states that their animals are maintained on a diet which is entirely free of antibiotics. In each experimental group the number of male and female mice was approximately equal, and the weight of each mouse varied from 12 to 14 g at the beginning of each experiment. Rockland Farms Mouse Diet, which is certified to be free of antibiotics, was used as food for the animals.
The fungus strain used throughout this study has been C. albicans 412. Since 1951 this culture has been maintained at 37 C with weekly transfer on Sabouraud's glucose agar slants.
The cell suspension used for infecting the animals was prepared by inoculating several flasks of Casamino Acids medium (Huppert et al., 1953) (Welch and Lewis, 1953 animals twice daily for a total of 48 hours. At this time, the animals received an inoculum which consisted of either 0.5 ml of a suspension of C. albicans containing 0.2 mg cell nitrogen/ml, or 0.5 ml of water. Antibiotic or water therapy was continued with the respective groups for 72 hours longer. At the end of the 4th and 5th days, stool samples were taken from the mice. Each stool sample was emulsified in 0.85 per cent saline and a loopful of the suspension was streaked on a plate of Littman's agar. After four days' incubation at 37 C, yeast colonies were transferred to corn meal agar plates. The corn meal agar plates were incubated at room temperature for 4 days and C. albicans was identified microscopically by characteristic morphology.
RESULTS
In a preliminary experiment an attempt was made to isolate the yeast-like fungus C. albicans from the intestinal tract of normal mice. Stool specimens were taken twice daily from 41 mice and cultured on Littman's agar to determine the presence or absence of this fungus. These mice were followed for a period of 10 days, during which time C. albicans was never isolated. It was concluded that this fungus is not normally present in the intestinal tract of these mice. An experiment was then set up to determine whether or not this fungus could be induced to grow in the intestinal flora of mice when an inoculum is introduced by way of the oral route. Forty-one mice were divided into six groups, five of which were inoculated by way of the oral route with saline suspensions of C. albicans and the remaining group was inoculated with sterile water to serve as a control (table 2) . Stool specimens were taken from the mice at intervals of 24 hours and cultured. It was found that the greater majority of the mice had eliminated the yeast-like fungus after 24 hours, and all but one of the 41 mice were negative for the fungus after 48 hours. From these results it was decided that the 48-hour and the 72-hour stool samples would be used as a baseline for determining whether or not a mouse had developed a positive stool culture. Since the size of the inoculum over the range of dilutions tested had no apparent effect upon the development of a stool population of C. albicans, an inoculum for subsequent experiments was arbitrarily selected to be 0.5 ml of a suspension containing 0.2 mg cell nitrogen/ml. With two exceptions this increase in the percentage of mice with positive stool cultures is statistically significant for all the antibiotics. The exceptions occurred in the experiment utilizing chlortetracycline hydrochloride-plus-parabens3 for the CF-1 mice and the experiment with erythromycin for the RAP strain. With both of these antibiotics there is an increase in the number of positive stool cultures, but it is not a statistically significant one. It should be stated that this result may be a chance finding, for even when a difference does exist it may not always be sbown (recognized in statistics as a type II error). In the experiment with erythromycin the difference between the treated and control groups was very close to statistical significance; i.e., 0.084 is very close to 0.05, the significance level. It should be pointed out that this experiment was conducted with only 17 animals in the treated group. A larger number of animals might make this difference significant.
These experiments have demonstrated also that the natural susceptibility of the RAP and CF-1 strains of mice to the growth of C. albicans is different. This can be shown by constructing a 2-by-2 table for the control animals of the two strains and testing for a significant difference by the X-square test (table 5) .
There is additional evidence indicating a difference between these two strains in their suscepti3Chlortetracycline hydrochloride containing 36 mg methylparaben and 9 mg propylparaben in each 100 mg capsule as manufactured by Lederle Laboratories Division. 1955] bility to the establishment of a stool population of this yeast-like fungus. In all but one of the experiments the percentage of mice with positive stool specimens was higher with the RAP strain than with the CF-1 strain. Furthermore, the two strains reacted similarly on most of the antibiotics. The exceptions were on the experiments with chlortetracycline hydrochloride and chlortetracycline hydrochloride-plus-parabens as shown in table 6.
DISCUSSION
The investigations reported here and in earlier papers were undertaken with a twofold purpose:
(1) to learn if possible the cause of superinfections with C. albicana during the course of antibiotic therapy; (2) to develop a prophylactic technique for preventing the onset of this complication or for controlling it once it had occurred.
A number of theories have been offered in explanation of the etiology of this complication of antitiobic therapy and these have been reviewed by Huppert et al. (1953) . One of the most plausible of these theories postulated that the antibiotics acted as a stimulant or adjuvant for C. albicans and thus permitted it to attain a dominant position in an environment which previously must have been unfavorable. If direct stimulation of this fungus by the antibiotics is the fundamental biological mechanism involved, then it should be possible to demonstrate that each antibiotic involved in this superinfection phenomenon will stimulate the growth of this fungus. This is not substantiated by experimental study. Reports of candidiasis complicating antibiotic therapy have included the use of chlortetracycline (Harris, 1950; Meads et al., 1951; McVay and Sprunt, 1951; Pappenfort and Schnall, 1951; Woods et al., 1951) , penicillin (Barlas and Akyel, 1952; Oblath et al., 1951; Ormerod and Friedman, 1951) , streptomycin (Ormerod and Friedman, 1951; Wolff, 1952) , chloramphenicol (Gausewitz et al., 1951; Harris, 1950; Hewitt and Williams, 1950; Mangiaracine, 1951; Tomaszewski, 1951; , neomycin (Forbes, 1953; Livingood et al., 1952) , oxytetracycline (Jackson et al., 1951; Sharp, 1954; Womack et al., 1952) , and tetracycline (Wood et al., 1954) . Of these antibiotics, chlortetracycline has been reported to stimulate the in vitro growth of C. albicans by Pappenfort and Schnall (1951) , Moore (1951), and Huppert et al. (1953) . On the other hand Woods et al. (1951 ), Lipnik et al. (1952 , and Beck and Lacy (1951) were not able to show the same effect. Huppert and Cazin (1955) have found that, with the quantitative techniques they used, neomycin and bacitracin, as well as chlortetracycline, yielded an increased growth of this fungus in broth cultures. Yet none of these investigators have been able to demonstrate a similar stimulatory activity by any of the other antibiotics which have been involved in this clinical problem. In an in vivo environment the situation is much the same. Seligmann (1952 Seligmann ( , 1953 found that, when either chlortetracycline or oxytetracycline is mixed with a suspension of C. albicans and injected intraperitoneally into mice, the antibiotics enhanced the virulence of the fungus. This work has been confirmed by Hazen et al. (1953) , who found in addition that penicillin, chloramphenicol, and streptomycin failed to produce the same effect. Munoz and Geister (1950) (Siegel, 1953; Sokol, 1952) . It has been demonstrated also that the presence of these parabens could overcome the stimulation of C. albican caused by chlortetracycline in in vitro tests (Huppert et al., 1953) 
